All the industrial process applications require solutions of a specific chemical strength of the chemicals or fluids considered for analysis. Such specific concentrations are achieved by mixing a full strength solution with water in the desired proportions. In this paper the control the concentration of one chemical with the help of other has been analyzed. This paper features the influence of different controllers like P, PI, PID and Fuzzy logic controller upon the process model. Model design and simulation are done in MATLAB SIMULINK, using fuzzy logic toolbox. The concentration control is found better controlled with the addition of fuzzy logic controller instead of PID controller solely. The improvement of the process has been observed.
INTRODUCTION
Chemical reactors often have significant heat effects, so it is important to be able to add or remove heat from them. In a CSTR (continuously stirred tank reactor) the heat is add or removed by virtue of the temperature difference between a jacked fluid and the reactor fluid. Often, the heat transfer fluid is pumped through agitation nozzle that circulates the fluid through the jacket at a high velocity. The reactant conversion in a chemical reactor is a function of a residence time or its inverse, the space velocity. For a CSTR, the product concentration can be controlled by manipulating the feed flow rate, which change the residence time for a constant chemical reactor.
A proportional controller could lead to offset between the desired set point and the actual output. This is because the process input which is controller output and the process output come to new equilibrium values before error goes down to zero. Now to make the controller output proportional to the integral of the error desired compensation is to be provided. This is known as the proportional integral control. As long as there continuous to be an error signal to the controller, the controller output will continue to change. Therefore, the integral of error forces the error signal to zero. Now add one more term that accounts for current rate of change i.e. derivative of the error. This is known as proportional integral derivative control. Using knowledge of the error helps the controller to predict where in future the error is heading and compensate for it.
Fuzzy systems are universal approximates. Fuzzy controlled systems models do not require any certain model for implementation of system under consideration. These proofs stem isomorphism between an abstract algebra and linear algebra and the structure of a Fuzzy system, which comprised of an implication between actions and conclusion as antecedents and consequents. Abstract algebra incorporates systems or models dealing with groups, fields and rings. Linear algebra incorporates system models dealing with vector spaces, state vector and transition matrices. The primary benefit of fuzzy system theory is to approximate system behavior where numerical functions or analytical functions do not exist. Hence, Fuzzy systems have high potential to understand the very systems that are devoid of analytical formulations in a complex System. Complex systems can be new systems that have not been tested, they can involve with the human conditions such as biological or medical systems. The ultimate goal of the fuzzy logic is to form the theoretical foundation for reasoning about the imprecise reasoning, such reasoning is known as approximate reasoning.
In this paper, CSTR has been used to mix ethylene oxide with water to make ethylene glycol. Here the purpose is to control the concentration of ethylene glycol with the help of concentration of ethylene oxide. But undershoot and overshoot come in the considered system while performing in a conventional way. But after implementation of a PID controller to the process, removing of those shoots can be seen but still the output is unstable. So finally fuzzy logic controller is used to achieve a desirable output.
CASE STUDY
In this paper, CSTR has been considered in which concentration of two chemicals is controlled for better results, the chemical ‗X' and ‗Y' and the byproduct is ‗Z'. Ethylene oxide (X) is reacted with water (Y) in a continuously stirred tank reactor (CSTR) to form ethylene glycol (Z) .Assume that the CSTR is manipulated at a constant temperature and that the water is in large excess. The stoichiometric equation is X+Y= Z…………………………………… (1) The reactant conversion in a chemical reactor is a function of residence time or its inverse, the space velocity. For an isothermal CSTR, the product concentration can be controlled by manipulated the feed flow rate, which change the residence time (for a constant volume reactor). It is convenient to work in molar units when writing components balances, particularly if chemical reaction is involved. Let CX and CZ represent the molar concentration of X and Z (mol/volume).
Where r X and r Z represent rate of generation of species X and Z per unit volume, and C Xi represents the inlet concentration of species X. If the concentration of the water change than the reaction rate is second order with respect to the concentration of Ethylene oxide
Where k 1, k 2 & k 3 are the reaction rate constants and the minus sign indicate that X is consumed in the reaction. Each mole X reacts with a mole of Y and produces one mole of Z, so the rate of generation of Z is
Expanding the left hand side of equation (1) dVC
PROBLEM FORMULATION
The linear space model or case study of CSTR is given by and an 80% conversion of ethylene oxide has been to be determined reasonable. Since 80% of ethylene oxide is converted to ethylene glycol, the ethylene glycol concentration is 0.8 lbmol /ft 3 . In this process it is seen that the process has inverse response with delay time as well as overshoot. To overcome this problem and to obtain the desired response, the use of P, PI and PID controller. For that, the controller parameters are calculated. The desired parameters for the PID controller are the proportional gain (K P ), integral gain (K I ) and the differential gain (K D ). By putting these values in the simulink PID controller, the response for the step input is obtained. We see that the output have no overshoot but a little inverted response and also its settling time and rise time is little bit more. That is not the desired response. Now for the better control, the Fuzzy logic controller is used. When we connect a Fuzzy logic controller, then we require a multiplexer to give input to the controller. The inputs to the controller are error (difference of the set point and output) and feedback output (output as the feedback). Now construct the membership function for the inputs and the output taking triangular memberships.
In this paper, the input is unit step input. In this process, the 80% of the ethylene oxide converted in to the ethylene glycol (output is 80% of the input). Thus the range for the output is [0 -0.8]. The second input is error and its range is [0 -0.2].
Using these values, make fuzzy rules in the fuzzy rule base editor and observe the response that there is no inverted response, no overshoot, no undershoot, rise time and settling time are reduced to a negligible value from our response.
SIMULATION, TESTING AND RESULTS
The process is represented by the transfer function given in fig. 1, and fig. 2 depicts the output of the process.
Fig. 1: Process model

Fig. 2: Time response of uncontrolled process
When there is no control to the process, there is some time delay and inverted response and also the response is settled below the desired magnitude.
The process with P controller is shown in the fig. 3, and fig.4 depicts the output of the process. Here K P = 100 There is almost negligible time delay and inverted response. So Fuzzy controller is used to reduce the rise time, settling time to almost negligible and also try to remove the time delay and inverted response.
The process is controlled by the fuzzy controller, is shown in fig.  9 , and fig. 10 depicts the output of the process with fuzzy controller. For that the rules in FIS has been made and call them in simulink by the fuzzy logic controller.
Fig. 9: Process model with fuzzy logic controller
The output response is shown below. Undershoot= 0%
There is no any time delay and also no any inverted response. All the limitations are reduced as compared to the PID controller.
In fig.11 , membership values of input 1 called -error‖ having three ranges low, medium and high is shown. In fig. 12 , the membership values of input 2 called -feedback‖ having the three ranges low, medium and high. In fig. 13 , membership values of -output‖ having the same ranges low, medium and high. 
CONCLUSION
When there is no control to the process, it generates an inverse response together with an overshoot and considerable delay time. But when the PID control is implemented to the process, the problems of inverse response, overshoot and delay time are controlled in the ongoing process and are removed considerably but then it was showing instability in terms of rise time and settling time. To overcome this instability in rise time & in settling time a fuzzy logic controller has been used. The fuzzy control scheme helps to remove those delay times and the inverted response shown in graphs. Rise time and settling time are also reduced.
